Fennovoima is Finland's third nuclear power company founded in 2007. Fennovoima will build a new nuclear power plant, Hanhikivi 1, in Pyhäjoki municipality located in Northern Finland. Currently Fennovoima is evaluating bids from reactor suppliers. Originally two suppliers, AREVA and Toshiba Heavy Industries were invited to bid for the plant but later also a bid from Rosatom were invited. The plant supplier will be selected in 2013. Platom is a Finnish company with extensive experience in radioactive waste management. In the beginning of 2008, Platom was assigned by Fennovoima as radioactive waste management consultant and to develop radioactive waste management strategy and to support Fennovoima in negotiations with plant suppliers in waste management aspects.
inventories and studies for final disposal, including preliminary dimensioning of the repository facilities. Based on these plans nuclear regulator's preliminary safety assessment was performed. The work was successfully completed as in 2010 the Government of Finland granted Fennovoima a permit to build a new nuclear power plant.
The work continued in 2012 when bids were received for EPR and ABWR type reactors. Plans developed earlier were elaborated into a detailed strategy and the proposed waste management solutions were evaluated. This allowed feedback from the bids into the strategy and to the bid specification and they both were developed. Also waste inventories were elaborated which allowed development of reactor design specific disposal strategies.
The main objective of work has been to establish basis for safe and efficient radioactive waste management which meets all the relevant national and international recommendations, requirements and regulations, takes advantage of best available and state-of-art technologies and offers fit-for-purpose solutions. All the work was performed to accommodate requirement based management system.
INTRODUCTION
Fennovoima in Finland's third nuclear power company founded in 2007 and it is owned by the Finnish Voimaosakeyhtiö SF which is then owned by 60 Finnish companies which need electricity for their operations in Finland. The plant will produce electricity only for its owners at cost price. The plant site is in the coastal municipality of Pyhäjoki by the northern Baltic Sea and the site is "greenfield" without any existing industry. The plant has been named as FH1 (Fennovoima Hanhikivi 1).
Currently, Fennovoima is evaluating bids for FH1 from reactor suppliers. Originally two suppliers, AREVA and Toshiba were invited to bid for FH1 for EPR (AREVA) and ABWR (Toshiba) type reactors but later negotiations continued only with Toshiba and later Rosatom was invited to bid for AES-2006 type reactor. The reactor supplier is expected to be selected during 2013.
Platom is a Finnish engineering and expertise company providing support to Fennovoima in the waste management field. Platom has an extensive experience in developing waste management designs, practices and policies in support to nuclear power reactor operators. Platom was assigned to support Fennovoima in 2008 to draw up radioactive waste management plans required for decision-in-principle application and other licensing purposes. Later the support was continued to draw up waste management strategy and to realize the strategy into the bid specification to ensure that waste management aspects were properly taken into account by the bidders.
When developing the waste management strategy, it was important to establish policies, principles and objectives to be followed by Fennovoima. These should be then reflected throughout the strategy. IAEA guidance was used to establish these [1] [2] . There are also many "prerequisites", i.e. such conditions which are fixed and must be recognized. Such prerequisites include e.g. regulatory framework and local conditions and resources. The actual waste management strategy is then built on this foundation. Also waste inventories, when this strategy is applied, were developed.
Important aspect having major effect on Fennovoima's waste management strategy is the introduction of a new waste category, VLLW (very low-level waste) into the waste management scheme. This deviates from the approach of the existing NPPs in Finland but was introduced following international development which has lead to "new" IAEA classification of waste [3] . The approach was possible due to the Finnish Government Degree 27.11.2008/736 [4] which defines this waste category as waste with radioactivity not more than 100 kBq/kg in average and which can be disposed of in a facility constructed in the ground. YVL 8.3 [5] recognizes only low and intermediate level wastes which must be disposed of in bedrock facility. This introduces a major change in waste management practice in Finland. Also, change in the Nuclear Energy Act 342/2008 [6] allowed some nuclear waste to be delivered to another country for treatment. This was considered in the strategy by excluding need to equip FH1's waste management facilities for very large objects as it was assumed that these would be managed by external companies, such as Studsvik Radwaste in Sweden, which dismantles and decontaminates large components (e.g. steam generators, superheaters). These and many other issues had to be taken into account when developing radioactive waste management strategy for Fennovoima.
GENERIC ISSUES
IAEA gives general guidance regarding radioactive waste management to countries with nuclear energy. These provide basis for setting national policy, generic strategy [1] , principles and objectives [2] for countries. As in Finland radioactive waste management is "de-centralized", i.e. each licensee is responsible for managing its own waste, each licensee must adopt these generic ideas. This applies to other radioactive waste types than spent nuclear fuel for with existing NPPs cooperates and as the Finnish legislation requires such cooperation. At the moment Fennovoima is negotiating with existing NPP companies about the co-operation. Anyway, for other radioactive waste, Fennovoima must develop its own policy, strategy, principles and objectives. For these, Fennovoima applies IAEA's guidelines as a solid foundation.
Main points and goal of waste management strategy can be decided at the early planning stages of the power plant and its waste management facilities. These are then compared to the bids provided by suppliers and revisions are made of the goals that are not met. At this stage it is vital to have adequate expertise and understanding of the radioactive waste management from the source of production into final disposal to ensure that the provided waste management facilities and waste treatment technologies fit to Fennovoima's waste management scheme and they will be acceptable for final disposal in the future. This work required thorough evaluation of the provided bids to check consistency of the proposals with Fennovoima's goals and objectives. Although basic principles proposed were mostly "conventional" there were also important differences which made the evaluation challenging. Also, additional challenge was introduced by waste production data as figures proved not to be comparable and required additional analysis.
After producing basic strategy and evaluation of the proposed bids, it was possible to develop detailed strategy where the proposed and accepted technologies and data were incorporated and strategies were develop for each plant type and the types of wastes they produce. This resulted in slightly different strategy for BWR and PWR type plants, as production of VLLW was expected low for PWR type plants.
PREREQUISITES
As prerequisites issues which form a foundation to the waste management strategy and which are fixed were considered. Most important prerequisite is the regulatory framework. This gives basis for waste classification, disposal options and provides basic requirements for waste management practices. At some extent, also plant design must be considered as a prerequisite, as Fennovoima can have only limited effect, as a client, to the design basis of the plant. Most important aspect is the plant type (BWR or PWR) but also waste management process selection must be considered as prerequisite, as long as the plant supplier fulfils Fennovoima's bid requirements. Process selection may have important effect on the type and amount of wastes produced by the FH1.
In Finland there are a number of official authorities with specific duties and responsibilities for nuclear power. The Ministry of Employment and Economy is highest supervising authority and prepares licensing for Government for decision making. The Government grants licenses, Decision-inPrinciple, construction license and operation license. The Parliament has to ratify the Government's decision-inprinciple. The local authority (municipal council) has a right for veto in the sitting of the facility. The Finnish Authority for Radiation and Nuclear Safety (STUK) supervises the nuclear activities and develops regulations.
STUK issues regulations (YVL-and ST-guides) that apply to the safe use of nuclear energy and to physical protection, radioactive waste management, emergency preparedness and safeguards. Most important guide for radioactive waste management is the guide YVL 8.3 which specifies treatment and storage of low and intermediate level waste at a nuclear power plant. [3] It is expected to be superseded in the near future by new regulations YVL D.4 (waste management and decommissioning) and YVL D.5 (final disposal), which are now available as drafts. Important aspect of the waste management is free-release for which requirements are given in YVL 8.2 which will be also superseded by the new YVL D.4. These guides are not the only regulations to comply with, as also other legal documents exist as well as international guidance and recommendations, which must be followed. Anyway, as these give only general guidance and are focused mainly on safety, although being most important factor in radioactive waste management, but not the only factor, Fennovoima also needs to set its own goal and priorities to form an "integrated" waste management strategy which it can use as basis for future work.
Waste Classification
Basis of Fennovoima's waste management strategy is the radiological classification given in the guide YVL 8. According to YVL 8.3 LLW contains so little radioactivity that it can be treated without any special radiation protection arrangements. The activity concentration in the waste is then not more than 1 MBq/kg. ILW contains radioactivity to the extent that effective radiation protection arrangements are needed when it is treated. The activity concentration in the waste is then from 1 MBq/kg to 10 GBq/kg. [3] In addition to LLW and ILW, the waste category VLLW (very low level waste) can be used according to IAEA "new" radioactive waste classification [3] and the Finnish Government Degree 27.11.2008/736 [4] . VLLW contains so little radioactivity that it can be treated without any special radiation protection arrangements. The average activity concentration in the waste is not more than 100 kBq/kg, and it can be disposed of a facility constructed in the ground [4] .
Exempt waste (EW) is the waste that meets criteria for clearance, exemption or exclusion from regulatory control from radiation protection purposes. [7] The classification of waste is not "universal" although IAEA gives guidance for it. For example, according to the US Nuclear Regulatory Committee there is no radioactive waste in the US classified as ILW but four different categories for LLW. The different categories of waste are treated in different ways. [8] In Finland physical and chemical classification is also made based on regulatory guide YVL 8.3. On the basis of origin, physical form and way of treatment, the following LILW types can be identified: untreated waste, packed waste, wet waste and dry waste, contaminated metal waste, activated metal waste and waste water. These give only a descriptive classification but cannot be considered as regulatory rules. More important is that, YVL 8.3 requires: "wastes that are markedly different by chemical composition, activity concentration or nuclide content, shall be treated separately if they arise in significant quantities in comparison with the overall waste amounts". [3] Anyway, definition of such waste types are left to the licensee.
THE STRATEGY General
A strategic goal was set for Fennovoima targeting level of the world's leading NPPs in the field of waste management. Quantitative goals will be set to meet this goal but it was considered that detailed figures could not be defined at this stage of the project but will be done later. Some major principles, beyond those considered as prerequisites, were set to keep waste management options open for future developments and to use only proven technologies, when possible. ALARA and BAT principles are enforced by specific technical requirements and by requesting FH1 suppliers to provide proper evaluations and justifications for the proposed waste management solutions.
Very low-level waste management
A special attention for the strategy was paid to very lowlevel waste (VLLW) management as neither existing nor draft YVL-guides give guidelines for VLLW management or disposal. Therefore, at this stage, Fennovoima has an initiative to set up an adequate basis for dedicated VLLW management and disposal and have these licensed in absence of relevant regulations. A plan was develop to introduce Fennovoima's strategy to the regulator.
Waste transport
Transport routes should be defined so that higher waste category routes should not cross lower category, this is especially important for Exempt Waste. Transport containers should prevent any leakage, failure resulting from a single malfunction or a human error or otherwise spreading of radioactive substances from waste. These issues were highlighted in the strategy and specific requirements were developed.
Waste minimization
A clear strategy for waste minimization, as a top level priority, was set. Following IAEA principles, for waste minimization most important steps are to reduce, reuse and recycle.
If material can't be reused as it was originally intended or recycled into something else usable only then it is considered waste. In case of radioactive waste first step is to assess feasibility of decontamination, if effective decontamination isn't possible lowest possible waste category should be applied. Waste streams should not be mixed with higher category wastes, and other types of cross-contamination should be prevented.
Waste streaming, tracking
Waste with similar treatment and disposal options should have established clear streams. Streams shall be carefully planned and documented.
Specific strategy was developed for waste streaming and tracking to achieve integrated approach, i.e. to segregate and track waste from its source of production all the way to the repository as an "unbroken chain". Traceability shall be ensured throughout the process using characterization data collected at various management points to produce reliable inventory data for each waste package. The tracking system also collects characterization data as required by the Finnish regulations. YVL D.4 Attachment C defines that when properly streamed and characterized radioactivity determination can be made from waste batch rather than for each individual waste package.
Decontamination and free-release
Goal of decontamination is to remove radioactivity from an item so it can be re-categorized to a lower waste class or preferably to a free-release level. Decontamination also has important role in lowering general radiation level of NPP by cleaning many components during maintenance that are then returned back to operation such as circulation pump axles, valves and heat exchangers. Fennovoima's strategy highlights the need for decontamination equipment which meet the requirements for both waste decontamination and operational maintenance. The equipment used for operational maintenance may be used if supplier can present solutions which prevent cross-contamination and free-release levels are achieved. Requirements for waste decontamination to increase the level of free-release were developed as free-release should be promoted to minimize radioactive waste amount and it is required by the YVL 8.3.
Waste Packages
Important aspect of the strategy was to set requirements for waste packages. An approach where the plant suppliers were requested to consider waste package which is suitable for final disposal was adopted, although waste repositories are not yet available. The rationale for this was that without such requirement it would be difficult to ensure acceptability of the waste packages in the future, and it was assumed that adequate assumptions can be already made to propose suitable final disposal container types even without detailed design of the repositories. Basic requirements for containers for each waste type were drafted. Requirements were developed to ensure an integrated and cost-effective approach even if the final disposal containers are not actually delivered as part the FH1 delivery.
Interim Storage
As repositories are not expected to be available at start-up of the FH1, interim storage strategy had to be developed. As in Finland radioactive waste is stored at the NPP site, whereas in most countries, e.g. Belgium, Switzerland, Spain, UK, there is a national interim storage [7] . A strategy where low and intermediate level waste were to stored in a storage which is part of the FH1's radioactive waste management building, was adopted due to the schedule of the repository the storage has store waste amount corresponding to 10 years of waste production. Also, a requirement was set that the interim storage would have modular design for easy expansion.
A requirement for 2 years of very low-level waste interim storage was set. Very low level waste repository realization was considered to be simpler than the low-and intermediate level repository, mainly due to simple licensing process. Also, the structure of the storage is expected to be simple.
Processing and conditioning
In Finland radioactive wastes, excluding some special items, are processed and conditioned on-site. In some countries, such as Belgium, Germany, Sweden and Netherlands, part or all of the waste are transported to the central conditioning plant and treated there. [7] To develop waste processing and conditioning strategy for Fennovoima, technologies proposed by FH1 suppliers were evaluated. They were considered mostly acceptable, with some reservations, but the suppliers had the chance to propose other alternatives as long as the requirements, goals and objectives were met.
Based on ALARA principle, extra attention was paid during evaluation to the working methods, tools, planning and work regime in handling of VLLW and LLW to ensure safety of workers. Even though exposure levels are low, managing these waste types typically include manual work phases and exposure times are long. Exposure to ILW was expected to be prevented by all means e.g. shielding and remote operation.
If special items arise as waste, such as large components like superheaters and steam generators, were expected to be managed by external companies (e.g. Studsvik Radwaste). Management of these items require such facilities and expertise, it is not reasonable to require FH1 suppliers to provide such facilities.
Disposal
The types of disposal currently used internationally for LLW are: near surface non-engineered disposal, near surface engineered disposal and subsurface disposal facilities. LLW has been safely disposed of in the near surface disposal facilities in numerous countries such as France, the UK and the USA. ILW requires disposal at the depth a few tens and hundreds of meters from surface. [8] Anyway, according to the Finnish law, LLW and ILW shall be disposed of in an on-site rock cavity repository. VLLW may be disposed of in facility constructed in the ground and it is assumed that a purpose built landfill type repository can be built for VLLW. [4] Fennovoima has not yet decided to build such facility and it is also possible that a purpose built bedrock facility is build for VLLW.
In Finland existing bedrock repositories are in Olkiluoto and Loviisa. Olkiluoto LILW is disposed of in the VLJ (plant waste) repository. In the VLJ there are separate silos for LLW and ILW, excavated into the bedrock to the level of 60 -100 meters. Virhe. Viitteen lähdettä ei löytynyt. Also in Loviisa NPP LILW is disposed of in a repository which is excavated into the level of 110 meters under the ground but the structure is of cavern type, not silo. Virhe. Viitteen lähdettä ei löytynyt.
Fennovoima's strategy is to build fit-for-purpose facilities for each waste category, when justified with adequate production of the waste type and clearly different requirements for disposal. If the amount of waste is small and there is no major difference in characteristics of waste, it may be disposed of together with higher category with more stringent disposal requirements.
Adequate waste amount and characteristics data is needed for detailed design of the repository, thus the design phase can start only after few years of plant operation. During this time needed waste inventory data shall be developed. Depending on actual amounts and characteristics of waste generated there will be one or more disposal facilities. Disposal facility for LILW is planned to be operational 10 years after start-up of FH1 and if a landfill type repository is constructed for VLLW, it is expected to be operational 2 years after FH1 start-up.
RESULTING WASTE INVENTORIES
Fennovoima has estimated the waste inventories produced by FH1 when the above described strategy is applied. The estimate exists at this stage for ABWR and is based on waste generation estimated by the plant supplier. This results in total annual volume of 240 m 3 as treated, conditioned and packed volume for final disposal. Total amount for FH1 60 years lifetime results then into a volume of 14 400 m 3 .
Two disposal alternatives were evaluated: only bedrock repository (cavern type) and bedrock repository with landfill repository. Based on the above amounts, while taking into account 20% conservation factor in case of potential inaccuracies in the waste estimates the total size of the final repository, in case of bedrock repository alone, would be total building volume of 42 000 m 3 and footprint of 4 700 m 2 . In case of landfill, the bedrock repository volume would be 32 000 m 3 (footprint 2 800 m 2 ) and the required landfill would have capacity of 6 400 m3 (footprint 1 800 m 2 ). These figures are considered to be reasonable, taking into account some conservative assumptions, e.g. using concrete packages for LILW.
CONCLUSIONS
An integrated radioactive waste management strategy was developed which considered thoroughly all aspects and dependencies in waste management. It was recognized that no nuclear facility can be designed based on regulatory requirements alone, but Fennovoima needs to set its own requirement, e.g. priorities, and some decisions have to be left to the plant supplier as they are part of the design process of FH1.
Major update was made the bid specification to accommodate the strategy and the strategy was also introduced to the FH1 bidders. The strategy is expected to have some effect on the plant design and scope of supply, but most importantly, it ensures that the waste produced by FH1 can be safely and efficiently managed in a way which allows final disposal in and safe and efficient way.
Based on the work it can be concluded that, when the developed strategy is applied, the produced waste amount is reasonable. For a BWR type plant it is justified to provide very low-level waste (VLLW) with a dedicated management and disposal route. Some of the aspects recognized during the work had to be introduced to the FH1 bid specification and require some rework from the supplier. This feedback from the work is important to avoid situation where new facilities have be built after FH1 handover or waste produced is not acceptable for final disposal in the future.
